Abstract: In this letter, a flexible two-section transmission-line transformer with single-band operation is introduced to transform complex source impedance to real load impedance. Two characteristic impedances and their electrical lengths of two-section transmission-lines are derived in closed form. From the newly derived design equations, once the complex source impedance and real load impedance are determined, two characteristic impedances of two-section transmission-lines can be selected arbitrary, then their electrical lengths are calculated automatically. Several simulated examples show that: by using the proposed design equations, there are different group of design parameters for a given condition, the circuit size could be much more compact than those in the previous work, meanwhile, 20 dB bandwidth can be maintained, and harmonic suppression could also be improved. Experimental circuit shows that: circuit size is shrunk to 38.6%, and its harmonic suppression has been improved over 15 dB.
Introduction
Transmission-line transformer (TLT) is a basic and simple structure to transfer the maximum power from a certain impedance into another one. When two terminal loads are real impedances, two-section TLT structure has been discussed for single band operation [1, 2, 3] and dual-band operation [4, 5] .
According to demand of complex impedance transformers, different types of transformers have been introduced for single-band operation [6, 7, 8] , or dual-band operation [9, 10, 11, 12] . The simplest structure for single band operation was introduced in [6] , where it consists of only one transmission-line section impedance transformer, and its structure shown in Fig. 1(a) ; however, the design range of complex impedance is limited in allowed regions on Smith chart. By adding an extra transmission-line, two-section TLT in Fig. 1(b) could not only be designed in forbidden regions, but also provides compact circuit size in allowed regions. Nevertheless, the characteristic impedance Z C must be fixed, where it is determined by two terminal impedances.
In this letter, a flexible two-section TLT is presented to transform complex source impedance into real load impedance with single band operation, and its topology is shown in Fig. 2 . The proposed topology could be designed in both allowed regions and forbidden regions, two characteristic impedances could be designed arbitrary, then their electrical lengths will be calculated from the newly derived design equations automatically.
In [6] , there is only one group of design parameters for a certain condition, however, by using the proposed design equations in this letter, there are various different groups of design parameters for two-section TLT, several design examples show that: the circuit could be shrunk to 38.6%, 20 dB bandwidth performance can be maintained and the harmonic suppression could be improved a lot.
Design equations
In Fig. 2 , Z S ¼ R S þ jX S is the complex source impedance; Z L ¼ R L is real load impedance. For TLT part, Z i and i (where i ¼ 1; 2) are characteristic impedances and electrical length, respectively. Z in I and Z in II are input impedances, then we have the following equations,
By using Z in II ¼ R L under the condition of center frequency f 0 , its real and imaginary parts could be written as (2) and (3), respectively.
After complicated arithmetical operation, tan 1 and tan 2 can be derived from (4) and (5),
where 
Once Z 1 and Z 2 are determined, tan 1 and tan 2 can be calculated automatically. From (4), there are two different group of results under the condition of 0 < 1 < 180°and 0 < 2 < 180°, considering the compact circuit size, shorter electrical lengths are preferred in this letter.
In [6] , several design examples are listed in Table II , Z S ¼ ð100 þ j30Þ Ω and Z L ¼ 50 Ω are selected for improvement in this letter. Based on the design equations in (4) and (5), the detail parameters are listed in Table I . For the conventional design approach in [6] , due to Z 2 ¼ 74:68 Ω must be maintained under the condition of Z L ¼ 50 Ω, the total lengths of two-section TLT is 1 þ 2 ¼ 91:85°; for the proposed design approach in this letter, by selecting different Z 1 and Z 2 , 1 and 2 can designed arbitrary. Because designable range of microstrip line is from 20 Ω to 150 Ω, Z 1 ¼ 20 Ω is fixed, Z 2 is selected from 90 Ω to 150 Ω, their S-parameters are also shown in Fig. 3 . Even the total length 1 þ 2 decreased from 56.02°to 35.48°, 20 dB bandwidths of S 11 are similar to the conventional parameters in [6] , furthermore, the harmonic suppression around 2.7 GHz can be improved over 15 dB. Therefore, by using the proposed design equations, the circuit could be shrunk to 38.6%, 20 dB bandwidth can be maintained, and harmonic suppression could be improved at the same time.
Experiment
One experimental TLT board was fabricated on a NPC-F260A substrate (which is manufactured by Nippon Pillar Packing Co., Ltd., Osaka, Japan), its photograph is shown in Fig. 4(a) , where, design parameters are:
The data of NPC-F260A substrate are: " r ¼ 2:6, tan ¼ 0:0015, H ¼ 1 mm (thickness of dielectric layer) and T ¼ 0:018 mm (conductor thickness). From Fig. 4(b) , ADS simulation (Advanced Design System) results and measurement results are matched well, compared with the same design in [6] , the harmonic suppression around 2.7 GHz has been improved over 15 dB, and the average suppression from 2.5 GHz to 5 GHz is almost 0 dB. Table I . Design parameters for the proposed two-section TLT under the conditions of Z S ¼ ð100 þ j30Þ Ω and Z L ¼ 50 Ω
Conventional work in [6] In this letter, a flexible two-section Transmission-line transformer with single-band operation is presented to transform complex source impedance to real load impedance. Design equations are newly summarized and derived in closed form. Because two characteristic impedances could be selected arbitrary, the proposed two-section TLT provides flexible design parameters under the same terminal loads conditions. Compared with the previous work, several examples are simulated and discussed under the same conditions. By using the proposed design equations, there are many different groups of design parameters, the circuit size could be much more compact, meanwhile, 20 dB bandwidth can be maintained, and harmonic suppression could also be improved very well. Compared with the previous experimental circuit, the proposed circuit size is shrunk to 38.6% with the same 20 dB bandwidth and enhanced harmonic suppression, the simulated and measured results are matched very well.
